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PREFACE 


An  engineering  program  was  carried  out  under  Navy  con¬ 
tract  N00123-73-C-1701  from  the  Naval  Regional  Procurement  Office, 

Los  Angeles  to  establish  the  feasibility  of  certain  cost  reduction 
measures  which  can  be  applied  to  the  SFD-261  crossed-f ield  amplifier 
(CFA) .  The  program  was  directed  by  the  Naval  Ship  Weapon  Systems 
Engineering  Station,  Port  Hueneme,  California  with  assistance  from 
the  Naval  Weapon  Support  Center,  Crane,  Indiana.  The  program  was 
conducted  from  18  June  1973  and  31  August  1974. 

In  carrying  out  the  program,  certain  of  the  design  changes 
which  were  considered  had  the  goal  of  reducing  the  skill  level  required 
for  assembly.  These  changes  (and  all  the  others,  in  fact)  were  actually 
carried  out  by  the  highest  assembly  skill  levels  we  have  in  order  to 
exercise  maximum  cost  control  over  the  cost  reduction  program  itself 
by  minimizing  shrinkage.  This  was  necessary  because  of  the  contract 
form  under  which  the  work  was  done.  Unfortunately,  this  did  not  repre¬ 
sent  a  confirmation  or  proof  that  lower  skill  levels  can,  in  fact,  be 
used  without  jeopardizing  yield.  Such  proof  would  require  a  subse¬ 
quent  pre-production  lost  to  be  manufactured. 

The  program  was  divided  into  five  tasks. 

Task  1  was  a  redesign  of  the  cathode  and  pole  piece  sub- 
assemblies  to  reduce  parts  cost  and  assembly  time.  This  was  considered 
not  to  affect  performance  or  life  and  was  evaluated  on  one  tube. 


Task  II  was  a  redesign  of  the  input  and  output  trans¬ 
former  assemblies  to  reduce  parts  cost  and  assembly  time.  Because 
this  may  change  RF  performance  (but  not  life).  It  was  evaluated  in 
two  tubes. 

Task  III  was  a  redesign  of  the  cathode-anode  space  and 
a  redesign  of  the  input-output  match  both  of  which  were  an  attempt 
to  reduce  phase-frequency  excursions.  Lack  of  control  in  that  design 
of  these  excursions  had  required  the  opening  of  the  phase  similarity 
specification  from  +10°  to  +25°.  Yield  in  this  area  was  very  poor 
for  a  +10°  specification  and  the  reduction  of  the  excursions  was 
aimed  at  improving  this  yield. 

Task  IV  was  the  building  of  two  tubes  which  incorporated 
the  best  features  of  Tasks  I,  II  and  III  into  a  composite  design 
and  evaluating  them. 

Task  V  was  a  study. 

Testing  of  tubes  in  Tasks  I,  II  and  III  was  in  accordance 
with  the  D00EMA-2-TP  test  procedure.  Task  IV  tubes  used  the  D00EMQ-1-TP 
procedure.  The  tubes  actually  built  are  shewn  in  Table  I.  The  changes 
made  in  tubes  in  each  of  the  tasks  are  described  in  design  evaluation 
drawings.  These  drawings  are  in  Varian's  format  and  are  shown  in 
Table  II  which  relates  the  drawing  numbers  to  tube  numbers  and 
tasks . 

The  Task  V  study  was  in  four  parts: 

1. )  On  a  continuous  basis  collect  and  evaluate 

other  potential  cost  reduction  improvements. 

2. )  Estimate  production  rates  and  order  commit¬ 

ments  necessary  to  achieve  a  $2,500  (1973) 
unit  price. 
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T  ABLE  1 


Summary  of  Prior  Cost  Reduction  Tubes  Built 


S/N 

Task  No. 

Design  Change 

Test  Date 

« 

l  . 

CR-  1 

i  1 1 

Cathode  Grooved 

24 

OCT  . 

73 

< 

t 

CR-  1  A 

i 

Cost  Reduced  Cathode/Pole  Pieces 

i  i 

DEC  . 

73 

% 

CR-  2 

1 1 

Transformers 

10 

JAN  . 

74 

£ 

CR-  3 

1 1 

Transformers 

15 

FEB  . 

74 

CR-  4 

1 1 1 

Match 

2  1 

MAR  . 

74 

• 

CR-4A 

1 1 1 

Match 

28 

MAR  . 

74 

t 

F 

CR-  5 

I  V 

Composite 

20 

JUNE 

74 

CR-  6 

IV 

Composite 

20 

JUNE 

74 

♦  ■  1 


Table  1 1 

Design  E valuat i on  Drawing  List 


' 

Tube 

Drawing 

Task  No. 

Number 

Design  Change 

Number 

4 

i 

CR  1A 

Cathode/Pole  Pieces 

B'.  80345 

B-  80346 

B: 80347 

* 

1 1 

CR-2 

Transformer 

B:  8  0  34  3 

jt 

CR-  3 

Transformer 

b: 80344 

i 

1 1 1 

CR-  1 

Cathode  Grooves 

B 8  0  3  4  8 

CR-4 

Match 

C  8  0  3  9  7 

i  ■ 

f 

I 

CR-4  A 

Match 

IV 

CR  -  5 

Composite 

C  2  80  39  7 

CR-6 

Composite 

B?  8  0  345 

B ?  8 0  34  6 
B 3 8  0 34  7 


i 
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3. )  Recommend  solutions  to  recognized  system 

interface  problems  (HV  cable,  etc.). 

4. )  Study  possibilities  of  eliminating  the 

oxygen  dispenser  and  ion  pump. 

The  reader  is  referred  to  the  final  report  on  the  program  for 
details  of  the  study. 

The  first  conclusion  reached  on  this  program  is  that  the 
cost-reduced  tubes  are  markedly  simpler  in  construction  than  the 
standard  SFD-261  and  should  require  less  assembly  labor  and  of  a 
lower  level.  Of  the  design  areas  which  were  changed  (pole  pieces, 
cathode,  transformers)  the  standard  tube  contains  135  parts  while 
the  cost-reduced  tube  has  52  parts.  A  comparison,  assembly  by 
assembly,  is  revealing. 

Number  of  Parts 
Standard  Cost  Reduced 

Top  Pole  Piece  12  5 

Stem  Pole  Piece  13  5 

Cathode  Assembly  29  10 

Transformer  24  8 

Isolated  Match  57  24 

A  second  conclusion  was  that  the  cost  appeared  to  have  been 
reduced  by  20-25%  in  a  quantity  of  10  tubes.  Using  then  current  material 
and  labor  costs  (September  1974)  for  both  the  standard  design  and  cost- 
reduced  design  and  assuming  the  same  yield  for  both  (10/13),  the 
standard  design  would  be  $13,400  each  and  the  cost-reduced  tube  would 
be  $10,700  each.  Lt  must  be  noted,  however,  that  we  had  no  experience 
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with  regard  to  the  cost-reduced  tube's  manufacturing  yield  using 
lower  skill  levels.  That  lower  skill  level  experience  was  to 


become  an  important  part  of  the  Manufacturing  Technology  Program 
described  in  the  following  report. 
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1.0 


INTRODUCTION 


The  SFD-261  crossed- fie  Id  amplifier  (CFA)  is  a  microwave 
tube  which  is  used  in  the  final  power  amplifier  of  the  Aegis  AN/SPY-1 
radar  system.  A  total  of  76  of  these  power  amplifiers  operate  at  the 
same  time  in  the  twin  transmitters  of  this  radar  system.  At  the 
current  selling  price  of  these  tubes  of  approximately  $15,000  each, 
the  acquisition  cost  of  the  tube  complement  for  the  radar  exceeds 
a  million  dollars.  This  cost  plus  the  replacement  cost  of  tubes 
which  wear  out  can  affect  the  cost  of  ownership  of  the  systen  to  a 
degree  which  is  uncommon  for  microwave  components.  A  great  deal 
of  emphasis  has,  therefore,  been  placed  on  life  and  reliability 
during  the  development  phase  of  this  amplifier,  and  now  the  questions 
of  manufacturing  cost  are  being  addressed. 

In  1973  and  1974,  the  Navy  supported  an  SFD-261  cost 
reduction  program  at  Varian.  The  outcome  of  that  program  was  the 
delivery  of  two  tubes  which  incorporated  a  number  of  significant 
design  changes  which  Varian  estimated  would  reduce  the  selling  price 
of  the  tube  by  approximately  25%  without  sacrificing  performance, 
life  or  reliability.  Because  the  sample  of  two  is  a  small  one, 
assembly  and  test  of  the  units  was  carried  out  in  an  environment 
which  was  more  like  development  than  production.  Many  of  the  design 
changes  which  were  made  were  intended  to  enable  the  assembly  to  be 
carried  out  by  relatively  low  skill  level  labor.  The  estimate  of 
a  25%  cost  reduction  was  based  upon  the  assumption  that  lower  skill 
levels  can,  indeed,  be  employed  without  impairing  manufacturing 
yield.  This  had  not  yet  been  demonstrated. 


Cost  reduction  measures  which  were  addressed  in  the  previous 
program  were  believed  to  represent  a  fairly  large  fraction  of  the 
ultimate  cost  reduction  possible  for  the  quantitv  commitments  and 
delivery  rates  which  were  assumed.  The  balance  of  the  potential 
cost  reduction  measures  were  restricted  in  that  program  to  a  study 
which  would  identify  areas  which  remained  to  be  addressed. 

The  objective  of  the  present  program  is,  therefore,  to 
address  those  remaining  cost  reduction  areas  and  to  build  a  larger 
sample  of  ten  tubes  in  an  environment  which  is  production  and  not 
development,  and  in  which  the  labor  skill  levels  employed  are  the 
lower  levels  for  which  the  design  was  tailored.  From  the  ten  tube 
output  of  the  program  we  then  want  to  demonstrate  that  a  cost 
reduction  of  between  a  third  and  a  fourth  has,  indeed,  been  realized. 

The  program  was  started  in  August  1977  and  was  scheduled 
for  15  months.  The  contract  is  a  cost-plus-fixed-fee  contract  for 
$218,519  including  fee.  Technical  direction  is  given  by  the  Naval 
Ocean  Systems  Center,  San  Diego,  California.  Several  no-cost  time 
extensions  were  requested  and  granted  which  extended  the  program  to 
a  total  of  24  months  duration.  The  delays  were  generated  in  two 
ways:  certain  material,  especially  forgings,  took  many  more  months 
to  obtain  than  had  been  forecast;  and  a  technical  problem  developed 
(Silastic  failure)  which  was  common  to  this  and  other  programs 
(Aegis  production)  which  forced  us  to  put  a  hold  on  the  MT  program 
until  the  problem  was  solved.  This  problem  will  be  discussed 
later . 
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Several  important  assumptions  had  to  be  made  in  determining 
the  approach  to  be  taken  in  this  program.  First,  because  costs  are 
driven  so  strongly  by  quantity,  it  was  necessary  Lo  establish  what 
the  likely  production  commitment  quantities  would  be  and  what  the 
likely  delivery  rates  would  be.  We  assume  that  deliveries  will  be 
between  10  and  20  tubes  per  month,  and  that  appears  in  the  present 
forecast  to  be  an  accurate  assumption.  We  also  assume  that  individual 
production  commitments  would  be  made  for  a  quantity  of  100  to  200  tubes. 
This  too  appears  to  be  relatively  accurate.  We  allowed  that  the  design 
changes  we  made  could  make  the  tube  incompatible  with  the  present 
KDM-1  transmitter  aboard  the  U.S.S.  Norton  Sound  if  the  cost  reduction 
benefits  were  significantly  great.  We  would  then  have  established  the 
design  for  the  production  systems  produced  thereafter.  It  was  necessary 
to  assume  that  any  design  changes  which  were  made  would  impair  neither 
the  present  life  of  the  tube  nor  the  repairabil ity  of  the  tube.  These 
two  factors  are  quite  important  in  the  cost  of  ownership  calculation 
for  the  system. 

The  principle  areas  of  effort  are  the  use  of  stampings, 
castings  and  forgings  in  the  fabrication  of  parts,  the  use  of 
numerically-controlled  (N/C)  machining  operations,  the  simplification 
of  certain  vacuum  brazing  procedures  especially  related  to  the  cathode 
of  the  tube,  modifying  the  design  of  assemblies  to  enable  lower  skill 
levels  to  be  used,  and  finally  to  build  the  ten-unit  sample  of  tubes. 
That  sample  will  be  used  to  demonstrate  an  acceptable  yield,  to  show 
electrical  performance  is  unchanged,  to  establish  compatibility  with 
the  system,  and  to  reconfirm  the  life  and  reliability  of  the  new  design. 
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The  crossed-f ield  amplifier  utilizes  traveling  wave  inter¬ 
action  in  an  electronic  system  in  which  electron  velocities  are 
at  right  angles  to  the  magnetic  field  (or  crossed)  as  opposed  to 
the  conventional  traveling  wave  tube  in  which  the  velocities  and 
the  magnetic  field  are  co-linear.  This  crossed-f ield  interaction 
is  what  gives  the  device  its  high  efficiency.  The  SFD-261  shown  in 
Figure  1  is  essentially  a  cylinder  six  inches  in  diameter  by  about 
12  inches  long  with  input  and  output  waveguides  protruding  from  the 
cylinder.  It  mounts  vertically  as  shown  in  the  Aegis  system.  The 
high  voltage  is  applied  through  the  cable  at  the  side  of  the  tube. 

The  tube  complete  with  its  permanent  magnets  enclosed  weighs  about 
45  pounds.  Its  relatively  high  price  results  principally  from  the 
large  number  of  precision  parts  required,  rather  intricate  assembly 
procedures,  and  the  fact  that  production  rates  have  been  very  modest. 
The  major  elements  of  the  unit  can  be  seen  in  the  exploded  view  of 
Figure  2.  The  core  of  the  tube  is  in  the  body  waveguide  assembly 
and  the  cathode  between  which  all  of  the  electronic  interaction 
takes  place.  These  two  pole  piece  assemblies  and  permanent  magnet 
cylinders  provide  the  needed  magnetic  field  for  the  crossed-f ield 
interaction.  The  two  halves  of  the  magnetic  can  provide  the  return 
path  for  that  magnetic  field.  Coolant  which  comes  in  contact  with 
the  high  voltage  cathode  is  isolated  from  ground  by  an  insulating 
coolant  coil  around  the  high  voltage  ceramic  insulator.  This  coil 
also  acts  as  a  load  for  RF  radiation  from  the  stem  co  eliminate 
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The  principle  design  areas  addressed  during  the  previous 
program  involve  the  two  pole  piece  assemblies,  the  cathode  assembly 
and  the  waveguide  portion  of  the  body  waveguide  assembly.  Changes 
to  the  body  portion  of  the  body  waveguide  assembly  (which  contains 
the  slow  wave  circuit)  were  deliberately  avoided  in  order  not  to 
compromise  the  RF  performance  of  the  tube.  One  significant  exception 
to  that  was  the  interface  between  the  body  assembly  and  the  waveguide 
assembly  where  the  RF  impedance  transformation  is  begun  between 
the  slow  wave  circuit  and  the  first  step  (nearest  the  body)  of  the 
ridged-wave guide  impedance  transformer.  This  area  was  redesigned 
and  became  known  as  the  isolated  match  design.  This  will  be 
discussed  later  in  comparing  MT  tube  performance  to  that  of  lead 
ship  tubes  (DDG-47).  In  the  current  work  an  additional  30  different 
possible  design  changes  were  identified  and  were  studied  for  possible 
incorporation  into  the  tube.  A  number  of  these  have  fallen  out  as 
being  trivial  and  others  fell  out  because  of  technical  difficulties 
with  their  implementation. 

A  number  of  program  reviews  were  conducted  during  the 
term  of  the  program:  8  December  1977,  13  March  1978,  13  duly  1978, 

2  November  1978,  28  February  1979  and  finally  an  End-of-Pro ject 
Demonstration  on  31  May  1979.  These  were  all  held  at  Varian/Beverly 
and  involved  various  combinations  of  Navy/Industry  representatives 
from  the  MT  and  Aegis  communities. 

In  the  remainder  of  the  report  we  shall  discuss  the 
30  mechanical  design  changes  in  Section  2;  the  Navy-sponsored 
Noise  Improvement  Program  and  its  relationship  to  this  one  in 
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Section  3;  the  Raytheon-directed  Vane  Tip  Improvement  Program  and 
its  effect  in  Section  4;  and  a  brief  discussion  of  the  Silastic* 
problem  and  its  schedule  impact  on  MT  in  Section  3.  In  Section  6 
we  shall  discuss  delays  caused  by  phase  measuring  equipment  and  in 
Section  7  we  shall  compare  average  performance  of  the  MT  tube  against 
lead  ship  tubes  and  EDM-1  tubes.  (A  total  of  70  tubes  were  delivered 
to  Raytheon  in  1971-1972  for  use  in  the  first  engineering  development 
model  of  the  system — EDM-1.)  In  Section  8  we  shall  present  a  summary 
of  the  cost  comparisons  made  at  the  close  of  the  program.  Details 
of  this  analysis  will  be  presented  in  a  separate  Cost  Analysis  Report, 
to  be  published  concurrently  with  this  one.  Section  9  will  present 
the  plan  presented  by  the  Naval  Weapons  Support  Center/Crane  for  the 
evaluation/qualification  of  the  MT  tube  design.  Section  10  will 
discuss  the  repairability  of  the  tube,  and  Section  11  will  present 
conclusions  and  recommendations. 


*Trademark  of  Dow  Corning 
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2 . 0  MECHANICAL  DESIGN  CHANGES 

Before  discussing  the  mechanical  design  changes  in  detail 
we  shall  list  them  with  a  brief  description.  The  area  of  the  tube 
involved  can  be  found  in  Figure  2  by  finding  the  list  number  as 
a  number  callout  in  the  figure.  The  proposed  changes  were: 

1.  Body  coolant  channel  cover  seat  presently  milled 
will  be  turned.  Saddle  block  for  entering  and  exiting  coolant 
will  be  eliminated  and  coolant  channels  cover  will  be  changed. 

2.  The  molybdenum  tip  ring  keeper  will  be  made  as  a 
casting.  A  material  change  may  also  be  required. 

3.  Change  exhuast  port  arrangement  to  present  SFD-261H 
design.  (See  also  change  #13.) 

4.  Slot  helix  blank  a  full  360°  instead  of  the  present 
310°  to  eliminate  start/stop  tolerances. 

5.  Change  mounting  block  from  monel  to  cupro-nickel . 

6.  Eliminate  holes  from  waveguide  stiffener.  Consider 
using  cupro-nickel. 

7.  Use  a  forged  waveguide  transformer  blank  prior  to 
numerically-controlled  (N/C)  milling. 

8.  Purchase  ceramic  windows  pre-metallized .  Consider 
lower  purity  ceramic. 

9.  Modify  window  cylinder  pins  for  mounting  plate 

block. 

10.  Modify  window  to  waveguide  adapter  for  forging  or 
hobbing  and  N/C  machining. 

11.  Dowel  holes  in  flange  piece  part — use  forged  blank. 
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12.  Modify  window  cylinder  vent  hole. 

13.  Modify  drift  block  venting. 

14.  Change  hole  in  cathode  support  pivot  from  a  milled 
hole  to  a  drilled  hole. 

15.  Make  one-shot  matrix  and  end  hat  braze  to  eliminate 
two  vacuum  brazing  operations. 

16.  Eliminate  holes  in  cathode  support  cylinder. 

17.  Change  cathode  height  tolerance. 

18.  Make  heliarc  from  cast  or  forged  blank. 

19.  Change  Consumet  iron  pole  piece  from  flat  stock 
to  bar  stock. 

20.  Simplify  shape  of  cathode  support  ceramic. 

21.  Change  bellows  from  monel  to  stainless  steel  and 
modify  design. 

22.  Change  material  for  support  ceramic  retainer. 

23.  Simplify  top  pole  piece  construction. 

24.  Make  mounting  plate  from  stamped  or  cast  blank. 

25.  Make  support  mounting  plate  from  cast  blank. 

26.  Cooling  tubing  support — change  to  nylon. 

27.  Make  bottom  cap  of  one  spun  part.  Use  separate 
plastic  keeper  for  Silastic  mold. 

28.  Simplify  top  plate  of  package  and  use  stock  thicknes 

29.  Relieve  magnet  tolerances. 

30.  Eliminate  two  liter  pump. 


As  the  study  of  the  proposed  changes  proceeded,  some 
were  eliminated  from  consideration.  Figure  3  lists  those  changes 
which  were  incorporated  into  the  10-tube  lot  and  those  which  were 
eliminated.  The  reasons  for  their  elimination  will  be  discussed 
as  the  individual  changes  are  described  in  greater  detail,  as 
follows . 

1.  Anode  Body — The  anode  body  is  the  part  into  which  the 
RF  slow  wave  circuit  is  later  brazed;  which  contains  the  coolant 
fittings  and  coolant  channels;  and  through  which  RF  input  and  RF 
output  power  pass  through  openings  called  irises.  (Electrically, 
the  iris  is  a  short,  1/4",  length  of  ridged  waveguide.)  The 
changes  made  in  this  part  are  shown  in  the  next  six  figures. 

Figure  4  shows  the  differences  in  the  initial  turning  operations. 

In  the  standard  design  a  seat  was  turned  on  each  side  of  the  part 
to  accept  a  pair  of  cylindrical  heliarc  flanges,  and  a  seat  for 
the  slow  wave  circuit.  In  the  MT  design  two  other  turning  operations 
on  each  side  of  the  part  provide  a  seat  for  a  coolant  channel  cover 
and  a  seat  for  brazing  wire  to  be  added  later. 

The  first  milling  operation  on  the  part  is  shown  in 
Figure  5.  On  the  standard  design,  the  coolant  channel  and  the 
seat  for  the  coolant  channel  cover  are  milled.  On  the  MT  design, 
only  the  coolant  channel  is  milled,  the  seat  having  previously 
been  turned. 

The  second  milling  operation,  in  Figure  6,  adds  to  the 
standard  design  three  holes  in  the  coolant  channel  plus  two  seats 
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5  MOUNTING  BLOCK 

G  WAVEGUIDE  STIFFNER 

3  CERAMIC  WINDOW  METALLIZED 

9  WINDOW  BLOCKS 

10  WINDOW  W/G  ADAPTER 

11  DOWEL  HOLES 

12  WINDOW  VENT  HOLE 

14  CATHODE  SUPPORT 

19  ONE  SHOT  MATRIX  BRAZE 

IT)  CATHODE  SUPPORT  CYLINDER 

17  CATHODE  TOLERANCES 

20  SIMPLIFY  CATHODE  SUPPORT 

22  SUPPORT  RETAINER 

25  SUPPORT  MOUNTING  CASTING 

26  TUBING  SUPPORT 

HIGH  VOLTAGE  CAN  END 

23  TOP  PLATE 
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#  2  KEEPER  (CAST) 

7  FORGED  TRANSFORMER  BLANK 

8  LOWER  PURITY  CERAMIC 

18  CAST  HELIARCS 
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for  coolant  saddles  to  be  brazed.  This  also  involves  drilling  and 
tapping  two  blind  holes.  In  addition,  another  part,  a  baffle,  must 
be  added  to  divert  coolant  flow.  Only  two  holes  are  required  in 
the  MT  design,  and  the  coolant  fittings  are  brazed  directly  into 
the  holes. 

Figure  7  shows  the  difference  in  the  coolant  routing 
between  the  standard  and  MT  designs. 

The  standard  design  calls  for  a  broached  iris  as  shown 
in  Figure  8.  The  MT  design  has  a  milled  iris  with  rounded  interior 
corners . 

The  coolant  channel  cover  of  the  standard  design  in 
Figure  9  is  first  stamped  out  as  a  ring  and  two  grooves  are  turned 
in  it  for  brazing  wire.  The  cover  is  then  parted  into  2  pieces  as 
shown.  The  MT  cover  is  a  simple  stamping;  half  the  number  of  parti 
and  reduced  set  up  time  for  the  braze.  This  series  of  changes  pro¬ 
duced  a  major  cost  reduction. 

2.  Spline  Blank  Keeper — During  the  fabrication  of 
the  slow  wave  circuit,  a  preliminary  subassembly  is  furnace 
brazed  (see  Figure  10)  with  a  stainless  steel  keeper  (low  thermal 
expansion)  used  to  constrain  the  thermal  expansion  of  the  copper 
spline  (circuit  blank).  It  was  felt  that  costs  could  be  reduced 
if  the  keeper  were  machined  from  a  casting  or  forging,  and  the 
initial  response  from  one  vendor  tended  to  confirm  that.  When 
prices  were  formally  solicited,  however,  only  one  vendor  responded 
and  he  with  prices  twice  those  he  had  first  indicated.  Tooling 
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-Anode  Body  Showing  Coolant  Route 


charges  for  Che  small  numbers  of  parts  involved  made  this  change 
ineffective  and  it  was  not  pursued. 

3. -13.  Exhaust  Arrangement — In  the  redesign  which 
produced  the  isolated  match  on  the  first  cost  reduction  program 
and  which  is  used  in  the  MT  design,  the  exhaust  port  through 
which  the  tube  is  pumped  was  partially  blocked  and  gas  from  inside 
the  tube  had  to  flow  through  relatively  small  passages  before  reach¬ 
ing  the  exhaust  port.  The  change  was  intended  to  improve  yield 

by  improving  performance  even  though  the  change  increased  fabri¬ 
cation  cost.  This  at  one  time  was  suspected  of  contributing  to 
gassiness  in  the  tubes.  As  shown  in  Figure  11,  Lhe  exhaust 
arrangement  was  returned  to  that  used  in  the  standard  design,  but 
the  cost  saving  was  trivial. 

4.  Helix  Machining — Machining  of  part  of  the  circuit 
helix  shown  in  Figure  12  consisted  in  the  standard  design  of 
slotting  around  all  but  50°  of  the  circumference  of  a  ring.  The 
50°  sector  was  to  be  the  drift  region.  Having  the  part  slotted 
around  360°  simplified  the  machining  and  produced  a  trivial  reduction 
in  cost. 

5.  Mounting  Block — This  was  a  change  in  material 
for  the  part  from  403  monel  to  70/30  cupronickel — a  minor  cost 
saving.  A  benefit  to  using  cupronickel  is  no  processing  such  as 
plating  required  before  use  as  required  with  monel. 

6.  Waveguide  Stif fener — Used  to  prevent  deformation 
of  the  soft  copper  waveguides  under  atmospheric  pressure,  the 
stiffeners,  see  Figure  13,  were  changed  from  stainless  steel  to 
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Waveguide  Stiffener 


cupronickel  and  six  holes  were  eliminated — a  minor  cost 
reduction . 


7.  Forged  Transformer  Blank — The  input/output  waveguide 
transformer  design  was  cnanged  from  an  assembly  of  many  parts  to 

a  few,  and  the  transformer  section  itself  was  produced  by  N/C 
machining  techniques.  A  further  cost  reduction  was  considered. 
Instead  of  machining  the  transformer  from  a  solid  blank,  an 
attempt  was  made  to  forge  a  blank  which  would  reduce  machining 
time.  The  price  quoted  from  the  vendor  was  twice  his  earlier 
estimate  and  it  did  not  prove  to  be  cost  effective.  See  Figure  14. 

8.  Pre-Metallized  Ceramics — In  addition  to  buying 

the  input  and  output  window  ceramics  premetallized,  consideration 
was  also  given  to  changing  the  material  from  99.5%  pure  aluminum 
oxide  (alumina)  to  94%  pure.  The  lower  purity  material  is  con¬ 
siderably  easier  to  metallize.  A  decision  was  made  to  purchase 
the  windows  pre-metallized,  but  not  to  change  the  material. 

Figure  15  compares  the  properties  of  99.5%  pure  to  94%  pure 
alumina.  The  lower  purity  material  is  weaker  both  in  compression 
and  tension,  has  half  the  thermal  conductivity,  and  a  dissipation 
factor  five  times  higher  than  99.5%  pure  alumina.  A  survey 
of  the  Beverly  site's  use  of  the  two  materials  showed  the  lower 
purity  being  used  only  at  X  and  Ku-band  where  average  power  levels 
are  modest.  At  C-band  and  S-band,  however,  only  99.5%  pure  alumina 
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was  used. 


99.5%  PURE  9  'i%  PURE 

ALUMINA  _ ALUMINA 


HARDNESS  (ROCKWELL  45N)  83  78 


COMPRESSIVE  STRENGTH  (KPSI)  380  305 


TENSILE  STRENGTH  (KPSI)  38  28 


THERMAL  CONDUCTIVITY  (BRITISH) 


AT  68 

F 

20 .6 

10.4 
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F 

7 . 0 

4 .6 

1472 

F 

3 . 6 

2 . 9 

DIELECTRIC 

CONSTANT  (  10  GHZ  ) 

9.7 

8 .9 

DISSIPATION 

FACTOR  (  10  GHZ  ) 

0.0002 

0.0010 

CURRENT  USE 

AT  VARIAN 

ALL  OTHERS 

250  KW  LINE 

AT  X-BAND 
ALL  KU-BAND 
BUT  ONE  TYPE 


Figure  i 5 

Comparison  of  w i ndow  Ceramics 
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9. 


Window  Block — The  window  block  design  has  been 


simplified  to  eliminate  3  drilling  operations  on  the  piece  part 
as  well  as  incorporating  finished  dimensions  to  eliminate  a  final 
machining  operation  on  the  window  assembly.  See  Figure  16. 

10.  Window  Waveguide  Adapter — The  MT  design  eliminates 
an  expensive  reoperation  machining  procedure  and  chemical  cleaning 
process  prior  to  its  use  in  the  next  higher  level  assembly  operation; 
thus  also  eliminating  a  logistic  and  handling  problem  from  assembly 
area,  machine  shop,  chemical  process  area  and  back  to  the  assembly 
area.  A  portion  of  the  adapter  also  includes  the  first  matching 
step  of  the  transformer  which  has  allowed  the  redesign  and  simplifi¬ 
cation  of  the  transformer  assembly  which  has  been  extremely  cost 
effective.  See  Figure  17. 

11.  Window  Flange — The  window  flange  on  the  MT  configuration 
is  purchased  as  a  finished  machined  part  rather  than  in  blank  form 

as  on  the  standard  design.  See  Figure  18. 

By  purchasing  the  piece  part  in  a  final  machined 
state  it  has  eliminated  a  costly  machining  operation  as  required 
on  the  standard  design  and  has  proven  cost  effective  by  eliminating 
another  logistics  and  handling  problem.  It  has  also  removed  another 
machining  operation  that  from  time  to  time  could  result  in  scrapping 
of  the  assembly  thru  operator  error. 

12.  Window  Housing  Vent  Hole — A  minor  cost  effective  change 
in  the  window  housing  was  accomplished  by  reducing  the  number  of 
close  tolerance  vent  holes  from  two  to  one,  and  changing  the  diameter 
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Window  Waveguide  Adapter 


STANDARD 


REQUIRES  ADDITIONAL  MACHINING  OPERATION  REQUIRES  NO  ADDITIONAL  MACHINING  OPERATION 


of  the  hole  to  lesser  diameter  and  tolerance.  See  Figure  19. 

This  vent  hole  is  only  used  during  the  initial  brazing  operation 
to  assure  access  of  the  hydrogen  atmosphere  acting  as  a  flux  to 
penetrate  into  a  brazing  region  to  enable  a  clean  and  vacuum 
tight  braze. 

14.  Cathode  Support — With  the  MT  cathode  designed  for 
a  single  vacuum  braze  and  one  machining  operation,  the  cathode 
support  was  redesigned  from  a  blank  support  as  incorporated  in 
the  standard  design  to  a  finished  machined  part  to  accept  both 
cathode  matrix  and  end  hats.  Although  the  piece  part  is  slightly 
more  expensive  than  the  stamped  design,  the  subsequent  handling 
of  reoperation  machining  and  cleaning  of  the  assembly  is  much 
more  costly  than  the  MT  design. 

15.  Cathode  Construction — The  resdesigning  of  the  cathode 
structure  with  emphasis  on  fewer  and  less  complex  piece  parts  requiring 
less  reoperutions  in  assembly,  machine  shop  and  brazing  has  proven 

one  of  the  most  cost-effective  areas  accomplished  on  this  program. 

See  Figure  20.  The  overall  cost  of  this  assembly  has  been  reduced 
by  almost  70%  over  the  standard  design. 

With  the  MT  cathode  configuration  requiring  only 
one  vacuum  braze  rather  than  the  4  as  found  in  the  standard  design, 
approximately  10  hours  of  expensive  vacuum  equipment  usage  time  has 
been  eliminated. 
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Figure  19- -Window  Housing  Vent  Hole 


STANDARD 


The  following  table  illustrates  the  various  areas 


of  accomplishment. 


Requirements 

Piece  Parts 
Hydrogen  Brazes 
Vacuum  Brazes 
Machining  Operations 


Std .  SFD-261 


27 

3 

4 
6 


SFD-261  MT 


10 

1 

1 

1 


16.  Cathode  Support  Cylinder — The  MT  design  of  the  cathode 
support  cylinder  was  very  cost  effective  as  it  eliminated  the  need 

of  an  additional  3  piece  parts  as  required  and  1  subsequent  reoperation 
machining.  See  Figure  21.  The  piece  part  itself  eliminated  a  secon¬ 
dary  machining  operation  of  drilling  4  viewing  holes  that  were  a 
carry-over  from  the  original  D.C.  tube  design. 

17.  Cathode  Tolerances — The  overall  height  of  the  cathode 
matrix  tolerances  on  the  MT  tube  were  increased  to  a  ji)02  from 
+000,-001  tolerance  on  the  standard  design.  This  served  a  twofold 
purpose.  It  decreased  the  unit  piece  part  cost  by  allowing  for  looser 
tolerances,  and  at  the  same  time  increased  the  suppliers  yield  con¬ 
sequently  reducting  his  cost  of  scrapped  parts. 


18.  Cast  Heliarc  Rings — The  intent  of  this  change 
was  to  reduce  machining  time  by  casting  a  blank  from  which  the 
part  would  be  machined.  See  Figure  22.  The  castings,  in  the 
relatively  small  quantities  to  be  used,  were  too  expensive. 

The  part  is  now  N/C  machined  from  a  stock  blank. 
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19.  Magnetic  Can — This  is  the  cylindrical  housing 
around  the  body-waveguide  assembly  which  is  also  the  return  path 
for  the  magnetic  field.  Now  fabricated  from  steel  tubing,  an 
attempt  was  made  to  have  the  can  rolled  from  flat  stock.  We 
could  not  find  a  vendor  who  would  respond  to  the  small  quantities 
we  needed. 

20.  Cathode  Support — The  redesign  of  the  ceramic  cathode 
support  has  proven  cost  effective  by  eliminating  a  very  tight 
tolerance  step  grinding  operation  to  increase  the  voltage  break¬ 
down  path,  by  simply  grinding  in  a  radius  that  will  approximate 

the  length  of  the  step  ground  stand  and  configuration.  See 
Figure  23. 

21.  Bellows — Proposed  a  material  change  to  stainless 
steel  from  monel,  but  brazing  problems  with  the  stainless  bellows 
forced  a  return  to  monel.  No  cost  improvement. 

22.  Support  Retainer — The  material  for  this  part  was 
changed  from  monel  to  cupro-nickel  to  make  a  minor  cost  reduction. 

23.  Top  Pole  Piece  Construction — Consideration  was 
given  to  a  redesign  of  this  assembly  to  relieve  some  of  the 
precision  which  is  built  into  it.  Results  of  the  Vane  Tip 
Investigation  (a  Ray theon/Wayland-supported  program)  which  was 
proceeding  in  parallel  suggested  that  cathode  position  has  a 
strong  influence  on  localized  dissipation  (possibly  leading  to 
melted  vane  tips)  and  it  was  decided  that  improved  precision 

in  the  top  pole  piece  rather  than  relief  of  precision  was  called 
for.  For  the  present,  the  design  was  not  changed. 


24.  Stamped  Mounting  Plate — As  with  previous  efforts 
to  use  stampings,  eastings,  or  forgings,  the  quantities  were  too 


small  to  justify  making  a  stamped  blank  as  in  Figure  24. 

25.  Support  Mounting  Plate — This  part,  shown  in  Figure 
25,  was  made  from  a  cast  blank  rather  than  solid  stock.  It  is 
pressed  and  pinned  to  the  mounting  plate.  One  vendor  was  unexpectedly 
responsive  to  this  request  by  comparison  with  our  other  attempts  to 
use  forgings,  castings  and  stampings. 

26.  Tubing  Support — A  double  coil  of  high  pressure  nylon 
tubing  is  used  in  the  standard  design  to  provide  an  insulating  column 
of  coolant  between  the  high  voltage  of  the  cathode  and  the  ground 
potential  of  the  mounting  plate  through  which  the  coolant  passes. 

The  assembly  of  this  coil  has  been  a  tedious  task  requiring  the 
threading  of  the  relatively  stiff  nylon  tubing  thru  the  several 
supports  which  are  used.  The  MT  change  eliminates  the  threading 
and  permits  the  tubing  to  be  snapped  into  place.  These  supports 
play  only  a  temporary  mechanical  role  because  the  tubing  assembly 
is  later  encapsulated  in  a  silicone  potting  which  provides  most 
of  the  mechanical  support  for  the  assembly.  See  Figure  2h. 

27.  High  Voltage  Can  End — The  silicone  encapsulated 
high  voltage  end  of  the  tube  is  further  protected  by  a  metal 
enclosure.  In  the  standard  design  the  enclosure  was  made  with 
a  cylinder  and  an  end  plate  wldch  were  fastened  to  the  mounting 
plate  and  each  other  with  24  .screws  in  blind  tapped  holes.  These 
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were  replaced  by  a  single  hydrof orraed  can  attached  to  an  extension 


of  the  mounting  plate  with  8  Pop®  rivets  (rivets  which  are  inserted 
and  set  from  the  same  side  of  the  work).  See  Figure  2  7. 

28.  Top  Plate — The  top  plate  is  part  of  the  magnetic 
circuit  connecting  the  ends  of  the  magnets  via  the  cylindrical 
shell.  The  thickness  tolerance  was  made  larger  so  that  stock 
material  could  be  used  instead  of  machining  it  down  from  larger 
plate  thickness. 

29.  Magnet  Tolerances — Relief  was  provided  in  several 
areas  to  reduce  the  precision  of  the  machining  operations. 

30.  Two  Liter  Pump* — The  CFA  is  equipped  with  an  integral 
0.2  liter  ion  pump,  but  also  has  a  2  liter  appendage  pump  which 

is  removed  from  the  CFA  during  manufacturing.  The  object  of  using 
a  second  and  larger  pump  is  to  provide  a  repository  for  all  gases 
removed  from  the  tube  during  the  initial  aging  and  processing  of 
the  tube  without  using  up  any  of  the  capacity  of  the  0.2  liter 
integral  ion  pump.  This  objective  was  considered  important,  and, 
because  the  2  liter  pump  is  reused  a  number  of  times,  the  cost 
savings  resulting  are  not  a  significant  trade-off  for  the  objective. 


Registered  Trademark  ot  USM  Corporation 
♦Nominal  pumping  speed  of  2  liters  per  second. 
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3.0  NO  I  SI.  IMPROVEMENT  PROGRAM 

Another  difference  which  was  introduced  into  the  MT 
tube  is  the  structure  known  as  the  skimmer  or  beam  scraper.  The 
skimmer  or  beam  scraper  was  developed  and  tested  on  a  Navy-sponsored 
noise  improvement  program  under  contract  No.  N00024-76-C-5102 .* 

Under  this  contract,  experinients  showed  a  possible  3  to  5  dB 
improvement  in  noise  performance  with  the  incorporation  of  the 
skimmer.  The  skimmer  is  a  geometric  perturbation  between  the  RF 
output  and  the  RF  input  of  the  CFA — a  region  also  known  as  the 
drift  region.  The  object  of  the  skimmer  geometry  is  to  keep 
space  charge  from  approaching  the  slow  wave  circuit  at  the  input 
portion  of  the  tube.  If  the  electron  stream  can  be  kept  a  distance 
from  the  slow  wave  circuit,  the  magnitude  of  noise  currents  induced 
on  the  circuit  will  be  reduced.  As  will  be  described  in  Section  7.0, 
the  results  obtained  on  the  MT  program  were  beneficial,  but  not  as 
good  as  expected. 


*Naval  Sea  Systems  Command,  Washington,  D.C. 


4.0  VANE  TIP  IMPROVEMENT  PROGRAM 

One  of  the  principal  cost  drivers  of  the  SFD-261  is 
the  yield  which  occurs  either  during  manufacture  or  as  field 
failures  in  the  melted  vane  failure  mode.  In  this  mode  the 
molybdenum  vane  tip  on  the  slow  wave  circuit  near  the  output 
becomes  separated  from  the  heat  sink,  melts,  and  causes  a  CFA 
failure  which  is  basically  not  repairable.  Without  becoming 
involved  in  the  details  of  the  reasons  for  failure,  it  is 
sufficient  to  recognize  that  this  mode  of  failure  accounts  for 
one  of  the  largest  percentages  of  the  overall  shrinkage  in  the 
tube  manufacture.  It  is  also  possible  that  it  will  be  the  cause 
of  the  highest  number  of  field  failures  unless  the  problem  is 
addressed. 

In  August  1978,  a  subcontract  was  placed  with  Varian 
by  the  Raytheon  Company,  Equipment  Development  Laboratories,  in 
Wayland,  Massachusetts  (subcontract  No.  53D-064-EX-95000) .  The 
purpose  of  this  program  was  to  investigate  the  vane  tip  failure 
mode  and  to  conduct  an  experimental  program  to  evaluate  corrective 
measures.  Unfortunately,  commitments  had  already  been  made  for 
material  on  the  MT  program  and  none  of  the  improvements  appeared 
in  time  for  incorporation  into  the  MT  program.  It  is  felt, 
however,  that  future  production  quantities  using  the  MT  design 
could  benefit  from  some  of  the  improved  processes  and  procedures 
which  were  worked  out  under  the  Raytheon  vane  tip  investigation. 
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5.0 


THE  SILASTIC  PROBLEM 


A  report  prepared  in  April  1979  discussing  the  Silastic 
failure  problem  is  attached  as  Appendix  1.  The  appearance  of  this 
failure  mode  in  the  summer  of  1978  eventually  caused  several  months 
delay  in  the  MT  program  until  a  satisfactory  remedy  could  be  found. 
While  the  delay  was  undesireable  because  it  postponed  the  intro¬ 
duction  of  the  MT  design  into  the  shipbuilding  program,  it  was 
necessary  to  prevent  clouding  the  results  of  the  MT  program's  tubes 
with  a  non-MT-related  failure  mode. 


6.0 


PHASE  MEASUREMENT  PROBLEMS 


Each  CFA  produced  has  a  variety  of  phase  measurements 
made  on  it  using  a  phase  bridge.  The  phase  bridge  is  the  combina¬ 
tion  of  a  commercial  instrument  with  other  commerically  available 
components  such  as  line  stretchers.  Together  they  make  up  a  phase 
measuring  system  with  which  a  comparison  can  be  made  and  plotted 
of  the  phase  difference  between  the  RF  input  signal  and  the  RF 
output  signal  as  a  function  of  frequency.  Beginning  as  far  back 
as  September  1978,  certain  anomalies  began  to  appear  in  the  phase 
measurement  system.  By  January  1979,  it  appeared  that  no  consis¬ 
tent  phase  measurement  could  be  made  with  the  existing  equipment. 
Therefore,  at  the  end  of  January  the  phase  measuring  equipment 
was  sent  out  for  repair  and  recalibration.  From  January  until 
April  it  was  not  possible  to  make  phase  measurements,  and  the 
delivery  of  tubes  was  being  delayed  on  that  account.  A  phase 
bridge  of  a  different  kind  was  loaned  to  Varian  by  the  Raytheon 
Company,  and  that  was  put  into  service  in  April.  When  the 
original  piece  of  Varian  equipment  was  repaired  and  returned  to 
us,  a  consolidation  of  phase  measurement  procedures  was  made  such 
that  the  measurements  made  on  either  the  Raytheon-furnished  bridge 
or  the  Varian  equipment  could  be  equated. 

The  result  was  an  improved  phase  measurement  procedure, 
but  also  that  shipment  of  many  tubes  had  been  delayed  for  signifi¬ 
cant  amount  of  time.  These  included  some  of  the  MT  Lubes. 
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7 . 0  COMPARISON  OF  SFD-261  MT  NOISE  AND  POWER  PERFORMANCE 

A  tabulation  has  been  made  comparing  performance  parameters 
such  as  power  output,  intrapulse  noise,  efficiency,  oxygen  reservoir 
voltage,  oxygen  reservoir  current,  spurious  output  levels,  and  coolant 
pressure  drop  for  a  sample  of  the  SFD-261H  lead  ship  tubes  versus 
the  sample  of  SFD-261  MT  tubes.  The  tabulation  is  shown  in  Table  III. 
The  lead  ship  sample  consisted  of  26  tubes  and  the  MT  sample  con¬ 
sisted  of  10  tubes.  The  frequency  labels  are  coded  and  no  other 
units  are  shown  in  order  to  leave  the  table  unclassified. 

With  respect  to  power  output,  one  can  see  quickly  that 
there  is  a  very  close  similarity  between  the  two  tubes.  With  respect 
to  intrapulse  noise,  the  similarity  is  preserved  up  through  F3,  above 
which  at  F4  and  F5  the  MT  tube  shows  somewhere  between  a  2  and  3  dB 
improvement  over  lead  ship  designs.  No  significant  differences  are 
seen  in  efficiency,  oxygen  reservoir  voltage,  oxygen  reservoir 
current,  and  a  small  improvement  is  shown  in  spurious  output  level. 

The  coolant  pressure  drop,  as  expected,  is  not  changed  appreciably. 

The  equivalence  of  the  two  designs  is  easily  seen  from  this  tabula- 
t  Lon. 

A  more  detailed  comparison  not  only  with  lead  ship  tubes 
but  also  with  EDM-1  tubes  is  shown  in  Figure  28.  Figure  28A  shows 
the  data  from  Table  I  LI  plotted  with  data  from  an  EDM- 1  sample  of 
10  tubes  also  plotted  for  comparison.  Figure  28A  shows  the 


graphical  comparison  of  output  power  as  a  function  of  frequency, 
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FIGURE  28 — COMPARISON  OF  MT  IUBE  POWER1 0 


and  Figure  28B  shows  efficiency  as  a  function  of  frequency. 

In  either  case,  the  MT  design  Is  shown  to  be  similar  to  or  better 
than  either  of  the  lead  ship  or  EDM-1  samples.  Figure  29  shows 
a  similar  comparison  for  intrapulse  noise  as  a  function  of  freq¬ 
uency.  In  this  graph,  as  in  Table  III,  one  can  see  that  at  the 
high  frequency  end  of  the  band  a  small  improvement  is  observed 
from  the  MT  sample  of  tubes. 

Perhaps  the  most  significant  difference  which  can  be 
found  between  the  MT  tube  sample  and  the  lead  ship  sample  is  in 
the  phase  performance  as  a  function  of  frequency.  In  particular, 
the  phase  length  of  the  MT  tube  seems  to  be  substantially  different 
from  the  length  of  the  lead  ship  tubes.  The  reason  for  this  is  in 
the  difference  in  the  slow  wave  circuit  to  waveguide  matching 
structures.  In  Table  IV  is  shown  a  tabulation  of  each  of  the  11 
MT  tubes  in  degrees  per  GHz  at  FI.  Also  shown  in  the  table  is 
the  mean  phase  length  for  a  sample  of  lead  ship  tubes  which  make 
up  the  lead  ship  phase  standard.  This  phase  length  is  shown  at 
the  bottom  of  the  tabulation.  There  is  a  difference  in  phase 
length  of  11. 7° /GHz  at  FI  between  the  two  tube  designs.  Since  the 
RF  power  outputs  from  these  tubes  are  either  combined  at  the  output 
of  the  driver/pre-driver  stage  or  are  combined  in  space  at  the 
output  of  the  phased  array,  the  phase  similarity  between  the  tubes 
over  the  frequency  band  is  of  importance.  It  must  be  possible 
to  make  phase  adjustments  in  the  system  so  that  the  phase  length 
of  tubes  track  within  certain  tolerances  as  they  are  swept  over 
the  frequency  band.  A  discussion  on  this  and  other  points  follows. 


-53- 


frfiAfioLSC  Ni>.‘ 


FIGURE  29 


COMPARISON  OF  MT  TUBE  INTRAPIJLSE  NOISE 
WITH  LEAD  SHIP  AND  EDM-1  TUBE!? 
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TABLE  LV 


MEAN 

PHASE  LENGTH  OF 

THE  MT  TUBE  SAMPLE 

S/N** 

Original 

Length 

Zero* 

Correction 

Corrected*** 

Length 

( 

° / GHz  @  FI) 

(°) 

( °/GHz  @  FI) 

B3W 

208.0 

3 

209.0 

B102W 

197.6 

1.7 

198.1 

K363V 

211.8 

-3.2 

210.8 

1 343V 

207.2 

0.1 

207.2 

I414V 

208.9 

1.6 

209.4 

A45  3W 

209.3 

-0.8 

209.0 

K332V 

204.3 

-3.2 

203.3 

L74V 

210.8 

-3.0 

209.8 

L1V 

209.0 

-4.0 

207.7 

K180V 

208.8 

-1.3 

208.4 

*Needed  to  give 

the  phase  versus 

frequency  curve  a 

mean  of  0.0. 

**K185V  later  added  to  the  list.  Not  included  in  standard. 

***Mean  length  of  lead  ship  tubes  is  196.2°/GHz  @  FI. 
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Whim  t he  first  cost  reduction  tubes  (CR)  were  tested  in 


1974,  the  differences  in  performance  which  were  observed  between 
them  and  the  standard  SFD-261’s  were  attributed  to  the  different 
slow  wave  circuit  match  which  was  used  in  the  cost  reduction 
tubes.  This  match  is  called  the  isolated  match  by  Varian  (and 
the  matched  slow  wave  circuit  by  others)  and  seemed  to  produce 
higher  output  power  and  efficiency.  From  this,  it  was  concluded 
that  the  matching  structure  improved  the  way  in  which  the  RF 
wave  was  launched  onto  the  slow  wave  circuit,  thereby  enhancing 
the  operating  efficiency  of  the  tube.  This  same  slow  wave  circuit 
match  has  been  introduced  into  the  MT  design.  That  the  differences 
in  power  output  and  efficiency  are  not  as  apparent  in  the  current 
comparison  may  be  attributable  to  the  fact  that  only  two  cost-reduced 
tubes  were  produced,  and  here  we  are  looking  at  a  sample  of  10. 

The  comparison  of  noise  performance  between  the  MT'  tubes,  the1 
lead  ship  tubes  and  the  EDM-1  tubes  shows  a  little  diffetence 
in  noise  performance  up  to  mid  band.  Above  that,  however,  even 
with  the  sample  of  10  tubes  there  is  definite  improvement  in 
intrapulse  noise  performance--an  improvement  level  of  between 
2  and  3  dB  at  the  high  frequency  end  of  the  band.  Since  the  high 
frequency  end  of  the  band  is  usually  the  portion  at  which  the 
intrapulse  noise  is  worse,  this  improvement  is  quite  important. 

The  improvement  is  also  less  than  the  3  to  5  dB  which  had  been 
expected . 
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The  same  slow  wave  circuit  match  structure  is  what 
accounts  for  the  differences  in  phase  length  between  the  MT 
tube  and  the  lead  ship  and  EDM- 1  tubes  (neither  of  the  latter  incor¬ 
porated  the  matched  slow  wave  circuit) .  Figure  30  shows  a  composite 
of  the  phase  versus  frequency  characteristic  for  the  sample  of  MT 
tubes.  Shown  in  Figure  31  is  a  similar  composite  for  the  lead 
ship  tubes.  These  are  the  characteristics  which  determine  the 
average  performance  values  of  the  CFA  in  terms  of  how  they  will 
track  with  one  another  over  the  frequency  band.  The  phase 
length  number  is  an  arbitrary  number,  but  is  useful  for  comparative 
purposes.  The  difference  between  this  number  for  the  lead  ship 
group  and  for  the  MT  group  is  a  real  measure  of  the  difference 
in  phase  length  between  the  two  groups  of  tubes.  In  order  for  the 
tubes  to  be  mixed  in  the  same  transmitter,  it  is  necessary  that 
adequate  phase  adjustment  provision  be  available  to  account  for 
the  difference  in  phase  lengths.  Other  than  that,  the  periodic 
behavior  of  the  phase  versus  frequency  characteristics  are  not 
entirely  different. 

A  preliminary  indication  that  there  is  sufficient  phase 
adjustment  available  in  the  equipment  lies  in  the  fact  that  tubes 
Nos.  CR5  and  CR6  have  operated  satisfactorily  in  the  EDM-1  trans¬ 
mitter.  This  means  that  there  was  sufficient  phase  adjustment 
available  in  the  transmitter  to  line  the  tubes  up  with  the  other 
tubes  with  which  they  had  to  operate.  A  more  formal  analysis  of 
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this  capability  in  the  system  is  being  conducted  presently  by 
the  Raytheon  Company  and  RCA.  A  satisfactory  answer  to  this 
question  is  a  prerequisite,  but  not  the  only  one  for  the  use  of 
the  Ml'  tube  in  the  Aegis  radar  system. 

Apart  from  these  differences,  only  a  trained  eye  could 
tell  the  difference  between  an  MT  tube  and  a  lead  ship  tube.  Th 
form,  fit  and  function  have  been  preserved. 


8 . 0  SUMMARY  COST  COMPARISON 

Details  of  a  cost  analysis  made  from  the  MT  program 
are  to  be  submitted  in  a  separate  cost  analysis  report.  It  will 
be  useful,  however,  to  take  an  overview  of  the  net  results  of 
the  program  on  the  cost  of  the  SFD-261. 

Shown  in  Table  V  is  an  engineering  estimate  made 
at  the  conclusion  of  the  program  based  upon  the  procurement  of 
200  sets  of  parts  of  Che  cost  of  the  standard  SFD-261  design,  the 
SFD-261  lead  ship  design,  and  the  SFD-261  MT  design.  The  standard 
design  is  that  which  was  used  in  the  EDM-1  system  where  tube  pro¬ 
duction  took  place  during  the  1971  and  1972  period.  A  cost  reduction 
program,  also  sponsored  by  the  Navy,  was  carried  out  during  1973 
and  1974.  That  program  identified  a  number  of  cost  reduction 
measures  which  were  designed  into  two  tubes  for  evaluation.  The 
cost  reduction  measures  were  never  subsequently  incorporated  into 
a  reasonable  size  sample  of  tubes  in  a  production  environment.  During 
the  initial  part  of  the  present  MT  program,  a  study  was  made  of  the 
various  cost  reduction  measures  which  had  been  engineered  in  1973-1974. 
with  a  view  to  whicf  would  be  considered  very  low  risk  measures  for 
incorporation  into  the  upcoming  lead  ship  program.  A  design 
different  from  the  standard  design  was,  therefore,  adopted  for  lead 
ship  and  became  known  as  the  SFD-261H  (for  hybrid) .  The  tube  which 
eventually  resulted  from  the  MT  program  was  then  identified  as 
the  SFD-261MT.  Table  V  makes  a  comparison  between  the  costs  for 
the  standard  tube,  the  lead  ship  tube,  and  the  MT  tube.  In  terms 


TABLE  V 

ENGINEERING  ESTIMATE 
MATERIAL  COST  COMPARISON 


(200  Sets  of 

Parts) 

SFD-261 

SFD-261 

SFD-261 

Standard 

Lead  Sh  ip 

MT 

Material 

Seal 

$  2,075.55 

$  1,817.63 

$  1,543.72 

Final 

891.08 

869.51 

734.21 

$  2,966.63 

$  2,687.14 

$  2,277.93 

Yielded  Labor 

439  Mrs . 

318  Hrs . 

245  Hrs. 

January  1979 
Selling  Price 

$21,515.00 

$15,479.00 

$12,205.00 
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of  material  it  is  broken  down  into  seal  and  final:  seal  meaning 
the  parts  which  go  into  the  high  vacuum  envelope  of  the  tube; 
and  final  referring  to  those  external  parts  sometimes  called  the 
magnetic  package. 

When  all  of  these  cost  inputs  are  expressed  in 
January  1979  dollars,  the  cost  reduction  is  quite  apparent  from 
$21,515  for  the  standard  tube  down  to  $12,205  for  the  11T  tube. 
Obviously,  escalation  will  change  these  prices,  especially  with 
respect  to  the  escalation  we  are  observing  on  material.  But 
since  the  escalation  would  apply  no  matter  which  design  was 
manufactured,  the  cost  savings  will  be  real. 


9.0 


PP0P0SED  QUALIFICATION  PROGRAM 

Shown  in  Figure  12  is  a  qualification  program  plan  pro¬ 
posed  by  the  Naval  Weapon  Support  Center,  Crane,  Indiana.  Under 
this  plan,  the  10  MT  tubes  would  be  delivered  to  NWSC/Crane  and 
5  of  the  10  would  immediately  be  sent  to  the  U.S.S.  Norton 
Sound  and/or  CSEDS  site  at  RCA/Moorestown . 

Tie  remaining  five  tubes  would  be  partitioned  into  lots 
for  the  different  portions  of  the  qualification  test  program.  Two 
tubes  would  be  assigned  to  shelf  life  tests;  one  of  which  would 
undergo  a  oi. e-year,  uninterrupted  shelf  life  test  and  the  other 
to  be  interim  tested  twice  during  the  one-vear  period.  One  tube 
would  be  . submitted  to  electrical  qualification  tests  in  accordance 
with  D00EMU-1-TP .  One  tube  would  be  subjected  to  the  environmental 
system  requirements,  and  one  tube  would  he  subjected  to  an  operating 
life  test.  Af“er  successful  completion  of  the  electrical  and  mechan¬ 
ical  qualifieat  on  testing,  the  tube  lot  would  be  considered  to 
have  interim  qur.li  t  icat  ion;  the  final  qualification  depending 
upon  the  outcome  of  operating  life  and  shelf  life  tests. 

This  plan  was  presented  at  the  End-of-Pro jee t  demonstration 
for  the  MT  pregram  which  was  conducted  on  May  31,  1979.  The  group 
of  MT  tubes  lias  since  been  delivered  to  NWSC/Crane. 

As  of  this  writing,  all  ten  tubes  have  been  through  electrical 
testing  in  accordance  with  DOOEMA-2-TP.  Two  tubes,  S/N's  B3W  and  I414V, 
have  been  selected  for  life  test  and  have  so  far  accumulated  approxi¬ 


mately  450  hours. 


Two  other  tubes,  S/N's  B102W  and  K180V,  were 


QUALIFICATION  PROGRAM  PLAN 


selected  for  shelf  life  testing.  Tube  S/N  B102W  has  been  given  an 
interim  test  by  application  of  vac-ion  voltages  after  one  month 
(in  the  shell  .  No  problems  are  appearing.  The  remaining  effort 
for  shock  and  vibration  is  expected  to  take  place  in  the  November 
1979  time  frame.  A  tube  has  not  vet  been  selected  for  that 
activity.  All  remaining  tubes  are  so  far  still  at  Crane  . 

* 
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STD-261  REPA  USABILITY 

The  SFD-261  crossed-f ield  amplifier,  was  from  the  start, 
designed  to  be  repairable.  The  major  subassemblies  which  make  up 
the  high  vacuum  seal  assembly  are  heliarc  welded  together  in  such 
a  way  that  the  weld  can  be  machined  opened  for  replacement  of 
subassemblies  and  rewelded.  There  are  several  repair  operations 
which  have  been  conducted  on  the  CFA  without  opening  the  high 
vacuum  assembly.  These  are  considered  to  be  minor  repairs. 

Any  other  repair  which  entails  the  opening  of  the  high  vacuum 
assembly  is  called  a  major  repair. 

From  the  information  we  presently  have,  the  highest 
population  of  returned  tubes  will  be  in  the  minor  repair  category. 

The  quality  assurance  practices  presently  followed  in  operating 
the  Aegis  system  require  that  when  a  CFA  is  removed  from  its 
operating  socket,  it  must  be  returned  for  inspection.  This  applies 
whether  or  not  the  fault  which  generated  the  replacement  of  the 
CFA  is  found  to  be  CFA  related.  The  highest  population  repair 
which  has  been  done  in  the  past  is  the  replacement  of  damaged 
high  voltage  cables.  The  high  voltage  cable  has  since  been  redesigned, 
and  this  type  of  repair  is  expected  to  occur  less  frequently. 

The  redesigns  which  are  incorporated  into  the  MT  tube 
were  intended  from  the  outset  not  to  impair  the  repairah i 1 ity  of  the 
tube.  in  one  area  of  the  tube,  that  is  the  area  dealing  with  the 
removal  of  the  cathode  assembly,  the  removal  is  slightly  more  diffi¬ 
cult  in  the  MT  design  than  in  the  standard  design,  but  it  can  still 
be  done.  The  replacement  of  the  cathode  assembly  is  still  possible1 


for  at  least  three  rebuilds.  In  addition,  the  redesign  of  the 
input  and  output  window  assemblies  on  the  Ml  tube  now  permit 
the  removal  and  replacement  of  damaged  windows.  Fortunately, 
there  has  been  a  very  low1  incidence  of  this  Lype  of  failure. 

Shown  in  l'able  Vi  is  a  repair  summary  cost  comparison 
of  SFD-261  standard  versus  MT  designs.  The  repairs  arc  listed 
from  the  simpliest  to  the  most  complicated  in  that  ascending 
order.  In  each  case,  the  repair  of  the  MT  tube  is  equal  to 
or  less  than  the  cost  of  repairing  the  standard  tube. 

We  have  not  yet  had  sufficient  experience  with  repaired 
Lubes  to  be  able  to  identify  what  the  expected  life  time  is  of  the 
various  repair  procedures.  The  first  three  repairs  do  not  involve 
opening  the  high  vacuum  envelope  of  the  tube  and  are  minor  repairs. 
It  is  not  possible  during  these  repair  procedures,  therefore,  for 
a  visual  inspection  of  the  slow  wave  circuit  to  be  made.  The  life, 
therefore,  remaining  will  depend  strongly  upon  how  many  hours  the 
tube  had  when  it  failed  and  whether  or  not  the  slow  wave  circuit 
was  subjected  to  any  degradation  from  temperature  cycling. 

Repair  step  4,  which  is  the  re  pi  icemen t  of  the  vac-ion 
pump  and  the  oxygen  dispenser,  uoes  involve  the  opening  of  the 
high  vacuum  envelope.  .  It  is  intended  as  a  simple  rejuvenation 

for  cathode  depletion.  It  also  will  not  permit  a  visual  inspection 
of  the  slow  wave  circuit  so  that  Inc  prediction  of  life  can  only  be 
predicated  on  failure  mechanisms  involving  the  cathode.  One  attempt 

f.d  - 


tabu:  v; 

REPAIR  SUGARY  COST 
COMP ARISON  OF  SFD-261  STANDARD/MT 


SFD-261 

SFD-261  ] 

1. 

Reage  and  Retest 

S  860 

$  860 

2. 

Replace  High  Voltage  Cable 

1  ,218 

1,008 

3. 

Depackage  Tube  6  Reposition  Cathode 

1  ,960 

1 ,750 

4. 

Replace  Vac- Ion  Pump  &  Dispenser 

3,565 

3,355 

5. 

Clean  Cathode  L  Rebuild 

4  ,030 

3,820 

6. 

Replace  Cathode  Assembly 

5,110 

4,190 

7. 

Replace  Cathode  &  Pole  Piece 

Assembl ies 

5,590 

4,550 

8. 

Replace  Input  &  Output  Window 

Assemb lies 

M/A* 

5,320 

*Uue  to  the  complexity  of  the  standard  window  and  transformer  design,  the 
feasibility  of  replacing  the  window  assemblies  it.  not  possible  and. 
therefore,  results  in  scrapping  of  tile  Lube. 
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to  execute  this  type  of  repair  on  a  tube  which  had  9,000  hours  on 
it  was  not  successful .  There  is  some  question,  therefore,  that 
repair  type  4  may  not  remain  a  viable  type  of  repair. 

Repair  types  5  through  8  ail  involve  opening  the 
vacuum  envelope  and  all  will  permit  inspection  of  the  slow- 
wave  circuit.  Repair  type  8  is  stated  simply  as  replacement 
of  input  and  output  window  assemblies,  but  would  also  involve 
the  removal  el  beta  oh  ptece  and  cathode  assemblies  prior  to 
replacing  the  windows.  Repair  types  9  through  8  should  result  in 
a  duplication  or  nearly  so  of  new  tube  life  expectancy. 

Tubes  are  screened  when  returned  to  determine  how  far 
the  repair  effort  need  be  taken.  First,  the  tubes  are  given  a 
mechanical  inspect  ion  to  see  if  the  re  has  been  mechanical  damage 
to  tile  tubes.  Then  the  vac-ion  pump  is  normally  energized  to 
establish  that  a  high  vacuum  still  exists  inside  the  tube.  If  the 
vac-ion  (lump  does  not  start,  it  either  means  that  the  vacuum  is 
extremely  good  or  extremely  poor.  in  order  to  find  out  which, 
tiie  tube  would  be  installed  in  the  master  test  set  and  an  attempt 
would  be  made  to  transmit  RF  drive  signals  through  the  tube.  If 
a  collapse  of  the  RF  drive  signal  at  the  output  of  the  (FA  is 
observed,  then  the  C. FA  has  r.  verv  port  vacuum  and  is  no  longer  a 
candidate  for  testing. 


Occasionally,  tubes  are  rt  turned  for  poor  port  ormnnee. 


the 

cause  of  which  hat 

;  not  boon 

es  tabl ished . 

in  such  cases  when 

it 

is  determined  that 

the  tubes 

:  re  operable. 

Lin  1  irst  procedure. 

repair  type  l,  is  attempted.  Reap, 


i ng  simple  refers  to  the  operation 


of  the  CFA  in  a  eye led  mode  similar  to  that  which  the  tubes  see 
during  burn-in.  It  has  been  found  that  this  will  sometimes  restore 
the  tube  to  normal  operating  conditions.  Repair  type  3  usually 
results  from  indications  that  there  is  a  cathode  insufficiency. 

The  high  vacuum  seal  assembly  is  removed  from  the  permanent  magnet 
package  and  is  operated  in  an  electromagnet.  Efforts  are  then  made 
to  reposition  the  cathode  to  acquire  specification  performance. 

It  is  presently  difficult  to  estimate  the  distribution 
of  the  various  types  of  repairs.  Our  best  estimate,  however,  is 
as  follows.  Of  20  tubes  which  were  returned,  we  estimate  that  the 
repairs  which  would  be  conducted  would  be  in  the  following  proportion 
from  repair  #1  through  £8— 10%,  10/,,  10%,  5%,  30%,15\  10-  ,  0  and  the 
remaining  10%  would  he  found  to  be  beyond  economic  repair.  We  pro¬ 
ject,  therefore,  that  the  most  common  failure  mode  will  become  one 
of  cathode  insufficiency  which  will  be  repairable  by  repair  step  It 5 
or  repair  step  It 6. 

A  program  which  supports  'die  repair  activities  we  have 
identified  will  support  repairability  of  the  complement  ol  tubes  on 
the  Aegis  program.  No  other  special  provisions  are  required  in  terms 
of  modification  of  our  plant  or  test  equipment.  Tubes  undergoing 
repair  can  be  injected  in  the  appropriate  place  in  the  production 
cycle  and  take  their  place  in  the  production  line.  Varian  expects 
not  only  to  have  test  equipment  capacity  for  larger  delivery  rates 
than  we  have  had  in  the  past,  and  there  will  he  sufficient  capacity 
to  include  tubes  returned  for  repair.  Tt  will  also  he  important  to 
maintain  proper  records  with  the  repair  histories  of  tubes  so  that 


projections  can  be  updated  on  the  distribution  of  types  of  repairs. 


11.0  CONCLUSIONS  AND  RKCOMMK NliATIONS 

We  believe  that  the  program  has  succeeded  in  two  ways: 
first,  it  has  enabled  some  cost  reduction  measures  to  be  intro¬ 
duced  into  the  Aegis  Lead  Ship  program  on  a  zero  risk  basis 
resulting  in  a  per- tube  savings  of  about  $5,000  per  tube,  and 
with  lead  ship  being  a  124-tube  program,  the  resultant  savings 
have  already  paid  hack  the  Navy  investment  not  only  in  the  pre¬ 
sent  MT  program  but  also  the  1973-74  Cost  Reduction  program;  and 
second,  it  has  reduced  the  Aegis  CFA  price  from  a  normalized  100 
for  the  standard  design  to  57  for  the  MT  tube.  While  inflation 
may  seem  to  erode  these  gains  in  dollars,  the  savings  realized  are 
real.  It  was  possible,  even  with  the  engineering  effort  which  was 
applied  to  the  program,  to  produce  eleven  (and  a  half)  tubes  within 
the  contract  price.  This  brings  the  tube  unit  price  to  about  $19,000. 
The  overall  delays  in  the  program  were  not  of  themselves  harmful 
because  there  was  no  overrun,  but  they  did,  of  course,  delay  the 
introduction  of  the  MT  design  into  the  program. 

Varian  believes  tiiat  the  MT  tube  will  have  a  life  expectancy 
equal  to  or  better  than  the  standard  deisgn;  although  it  must  be  con¬ 
ceded  that  there  is  practically  no  life  data.  Varian  is  prepared 
to  deliver  the  Ml  tube  under  the  same  warranty  provisions  as  we 
have  had  on  CflM-l,  CUKDS  and  lead  ship.  We  look  forward  to  producing 
tills  design. 
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Varian  recommends  chat  '.he  Navy  proceed  with  the 


qualil ication  test  program  it  has  underway  at  NWSC/Crane. 
we  have  no  reluctance  to  fielding  a  sample  of  MT  tubes  in 
with  the  Crane  program. 


But 

parallel 
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SILASTIC (1)  POTTING  FAILURE  REPORT 
1 . 0  INTRODUCTION 

The  purpose  of  this  report  is  to  summarize  the  activities 
relating  to  a  class  of  failure  which  developed  in  September  1978 
on  the  three  programs  in  progress  then  for  delivery  of  SFD— 26 1  fi 
crossed-f ield  amplifiers  (CFA) .  These  tubes  were  being  delivered 
under  contract  No.  N001b4-78-C-0090  to  the  Naval  Weapons  Support 
Center,  Crane,  Indiana,  and  under  purchase  order  Nos.  50-1757-AC- 
97001  and  -97003  to  the  Raytheon  Company,  Wayland  and  Waltham, 
Massachusetts.  Similar  tubes  were  also  in  process  on  the 
Manufacturing  Technology  Program  under  contract  No.  N00123-77-C- 
1019,  directed  by  Naval  Ocean  Systems  Center,  San  Diego,  California, 
and  these  tubes  were  also  affected.  Within  a  one-month  period, 
four  tubes  out  of  approximately  ten  tubes  which  were  in  process  in 
the  test  area  failed.  The  failures  all  involved  a  high  vacuum 
puncture  ol  the  high  voltage  ceramic  bushing  caused  by  corona  and/or 
arcing.  Corona  and/or  arcing  are  supposed  to  be  suppressed  by  an 
encapsulation  of  room  temperature,  vulcanizing  (kTV) ,  silicone 
rubber  called  Silastic  rubber.  Adhesion  of  the  rubber  fails 
(if  i  t  was  present  to  start  wi  Lit)  and  corona  and/or  arcing  can 
occur  in  the  space  between  the  KTV  rubber  and  the  ceramic.  The 
failures  were  of  serious  concern  because  of  their  numbers  and  also 
because  they  occurred  very  early  in  the  life  of  the  tube.  NWSC/Crnno 

^ ^ Registered  Trademark  of  Dow  Corning 


was  requested  not  to  operate  any  of  the  nine  tubes  which  had  been 
shipped  to  them  until  a  recall  could  be  considered. 


i 
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2.0  DESCRIPTION*  OF  THE  FAILURES 

Table  I  lists  the  failures  by  tube  serial  number  and 
includes  other  relevant  data.  The  serial  numbers  shown  are 
Varian's  in-process  numbers.  Tubes  are  assigned  a  10000  series 
number  after  ATP.  lube  number  H168V  (Ou)  is  a  special  unit  with 
an  all  copper  circuit  (no  molybdenum  vane  tips)  being  made  for 
NWSli /Crane.  A  150-hour  burn-in  period  of  on-off  cycled  operation 
is  required  on  each  tube  prior  to  submitting  the  tube  to  the 
acceptance  test  procedure  (ATP) .  The  burn-in  is  done  on  one  of 
six  different  test  positions.  Varian  drawing  C599047  shows  the 
tube  as  it  is  just  before  it  undergoes  first  electrical  test  in 
the  electromagnet.  The  input  waveguide  and  window  have  been 
omitted  from  the  drawing  so  that  the  mini  Vac-ion:!*'  pump  can  be 
clearly  seen  (Item  2  on  the  drawing).  Item  9  points  to  the  high 
voltage  ceramic  bushing,  over  which  a  primer  is  applied  prior 
to  casting  Che  RTV  rubber,  Item  5.  In  each  of  the  failed  Lillies, 
the  cutting  away  of  the  Silastic  revealed  an  absence  of  adhesion 
and,  to  varying  degrees,  discoloration,  and  burning  as  shown  in 
Figure  l .  In  at  Least  one  tube  a  powder  was  also  found  between 
the  reramie  and  the  Silastic.  Each  tube  had  a  puncture  of  the 
high  vacuum  ceramic-Lo-metal  seal. 


3.0 


INVESTIGATION 


3.1  Immediately  after  the  failure  of  I164V  on  September 
26,  1978,  a  hold  was  placed  on  all  Silastic  potting  operations. 

Five  other  tubes,  in  various  stages  of  testing,  were  dissected 

to  see  if  there  were  variations  in  adhesion  quality  or  evidence 
of  corona.  These  tubes  were  H17V,  I221V,  I343V,  I372V  and  I414V. 

H17V  had  been  set  aside  for  low  power.  Its  Silastic  had  no  adhesion 
and  the  ceramic  was  marked  with  arcing/corona  marks.  It  was  scrapped 
I221V  had  Silastic  which  had  no  adhesion,  but  the  ceramic  was  clean. 
The  other  three  tubes  had  good  adhesion  and  a  clean  ceramic. 

3.2  Sample  castings  were  made  in  simple  molds  and  were 
dissected  after  curing  for  24  hours.  All  of  the  sample  castings 
exhibited  good  adhesion.  Sample  castings  were  made  on  stem  pole 
piece  assemblies,  which  include  the  high  voltage  ceramic.  All  of 
these  castings  had  good  adhesion.  This  suggested  that  the  impair¬ 
ment  of  adhesion  as  well  as  the  arcing/corona  damage  required  that 
the  CFA  had  undergone  some  period  of  RF  operation.  All  of  the 
tubes  which  were  not  normal  did  have  some  RF  operating  time 
ranging  from  25  hours  or  so  to  200  hours. 

3.3  When  production  started  in  early  1978  on  the  SFD-261H 
for  Aegis  Production  Program  (APP)  and  NWSC/Crane  spaces,  some 
minor  changes  were  made  to  the  Silastic  potting  procedures.  The 
changes  were  the  addition  of  a  color  tracer  to  the  primer  under¬ 
coat  to  make  it  more  visible  to  the  potting  operator,  and  the 


addition  of  a  second  vacuum  de-airing  after  the  Silastic  is  poured 
around  the  ceramic  bushing  to  eliminate  air  bubles  which  might  be 
produced  during  the  pouring.  The  Silastic  used  is  Dow  Corning  DC 
3112  used  with  Catalyst  S.  The  primer  is  Dow  Corning  1201.  The 
primer  is  applied  to  the  areas  to  be  covered  by  the  potting  by 
brush.  Since  the  primer  color  ranges  from  colorless  to  straw 
color  it  is  difficult  to  see  after  application.  It  was  not  unreason¬ 
able  to  feel  that  the  operator  applying  the  primer  may  accidentally 
leave  some  areas  uncoated  and  thereby  produce  a  casting  which 
has  areas  of  poor  adhesion. 

Dow  Corning  recommended  the  addition  of  0.05%  by  weight 
of  Rhodamine  B  dye,  manufactured  by  the  J.T.  Baker  Chemical  Company. 
The  primer  turns  red  and  is  much  more  easily  seen  after  application. 

Measured  amounts  of  Silastic  and  catalyst  are  mixed  in  a 
beaker,  and  the  beaker  is  de-aired  by  a  mechanical  vacuum  pump  in 
a  small  bell  jar.  A  fixture  which  fits  on  the  tube  is  then  used 
for  a  second  de-airing  after  the  Silastic  is  cast. 

3.4  Consultations  were  arranged  with  the  manufacturer 
of  the  Silastic,  and  with  Ray theon/Wayland  and  Varian/I’alo  Alto,  both 
users  of  similar  types  of  potting  materials.  The  consultations 
with  Dow  Corning  and  Varian/Palo  Alto  led  to  some  early  confusion: 

3.4.1  The  first  and  second  persons  contacted 
at  Dow  Corning  knew  nothing  about  the 
microwave  properties  of  Silastic  or  the 
primer,  but  the  third  person  contacted 
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produced  a  Dow  Corning  data  sheet 
listing  the  properties  of  Silastic 
at  1  MHz. 

3.4.2  Contacts  in  Varian/Palo  Alto  indicated 
that  excessive  de-airing  may  remove 
volatile  elements  of  the  material  and  change 
its  properties.  Dow  Corning  said  not. 

3.4.3  Varian/Palo  Alto  indicated  that  we  may  not  be 
allowing  enough  drying  time  for  the  primer, 
which  is  a  function  of  relative  humidity 

and  can  be  as  long  as  6  hours  .  Dow  Coming 
pointed  out  that  it  was  true  for  1200  primer 
which  Varian/Palo  Alto  was  using,  but  not  true 
for  1201  primer,  which  Varian/Beverly  uses. 

3.4.4  No  one  contacted  could  comment  on  what  effect 
is  produced  by  exposing  the  material  to  micro- 
wave  and  high  voltage  fields. 

3.4.5  One  Dow  Coming  representative  said  that  1201 
primer  is  moisture  sensitive  and  another  said 
it  was  not. 

There  was  general  agreement  on  several  points: 

3.4.6  Varian  should  carefully  review  the  cleaning 
procedures  used  prior  to  potting. 

3.4.7  Observe  the  shelf  life  restrictions  on  both  the 


primer  and  Silastic. 


3.4.8  The  use  of  Rhodamine  B  dye  is  not  part  of 
the  problem. 

3.4.9  The  powder  residue  is  an  arcing/corona  coirbustion 
product . 

One  Dow  Corning  contact  pointed  out  that  one  of  the  curing  products 
of  the  Silastic  is  alcohol,  and  it  is  lossy  at  microwave  frequencies. 
Suggested  we  allow  longer  curing  times  before  operating  the  tubes. 

Samples  of  the  failed  Silastic  from  tube  numbers  I221V 
(no  adhesion)  and  I312V  (failed)  plus  two  simple  castings  were  given 
to  Ray theon/Sudbury  for  analysis.  One  of  the  castings  had  Rhodamine  B 
dye  in  the  primer  and  the  other  had  clear  primer.  Energy  dispersive 
X-ray  analyses  were  performed  on  the  samples,  and  parts  of  them 
were  later  subjected  to  pyrolysis  at  800°F  (the  temperature  at 
which  the  material  is  said  to  decompose) .  Details  of  the  analyses 
are  given  in  Raytheon  memo  TEB:78:79  dated  13  November  1978  by 
T.E.  Baker.  The  conclusions  reached  were: 

3.4.10  The  failure  occurred  as  a  result  of  corona- 
induced  and/or  RF  discharge  induced  mechan¬ 
isms  . 

3.4.11  The  powder  residue  is  the  result  of  combustion 
(exposure  to  high  temperature) . 

3.4.12  The  Rhodamine  B  dye  probably  had  no  influence 
on  the  mectianism  leading  to  failure. 

3.4.13  The  presence  of  both  high  voltage  fields  and 

RF  fields  at  the  same  time  supports  the  corona/ 
arcing  mechanism. 
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3.4.14  Raytheon  experience  has  been  that  corona 
discharge  failures  can  occur  very  rapdily 
and  supports  the  early-in-life  occurrences 
we  have  had . 

3.4.15  A  thorough  review  of  the  cleaning  and  prepara¬ 
tion  procedures  for  the  potting  process  is 
suggested . 

3.5  Measurements  of  anode-to-cathode  resistance  were  explored 
to  see  if  they  could  be  used  to  detect  defects  in  the  potting. 
Measurements  were  made  on  every  CFA  available  at  the  time  (including 
some  from  the  CFA  Design  Study  program,  equipped  with  thermocouples 
and  RF  probes),  a  total  of  19  tubes.  All  had  seen  RF  operation, 
some  only  in  an  electromagnet;  i.e.,  they  had  not  been  assembled 
in  a  permanent  magnet  package.  A  potential  of  3000  volts  was  applied 
between  anode  and  cathode,  and  the  current  was  recorded.  The  current 
produced  can  have  four  components: 

3.5.1  The  leakage  current  across  the  normal  anode- 
cathode  insulator. 

3.5.2  The  leakage  current,  in  packaged  tubes,  across 
the  cathode  coolant  tubings,  which  are  connected 
between  the  cathode  and  ground. 

3.5.3  The  current  produced,  in  package  tubes,  by 
ion-pumping  of  the  gas  in  the  tube. 

3.5.4  The  leakage  current  across  arc  tracks  in 
failed  or  about-to-fail  tubes. 
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No  evidence  was  found  to  suggest  that  a  partly  failed  tube  could 
be  detected  in  this  way.  Tubes  either  had  a  resistance  of  less 
than  10  megohms  (current  greater  than  30  pA)  or  much  greater  than 
10  megohms  (3  pA  or  1000  megohms) .  The  difficulty  in  separating  the 
various  current  components  also  produces  uncertainty  in  the  measure¬ 
ment.  Seven  of  the  unpackaged  tubes,  for  example,  exhibited  no 
current  with  3000  volts  applied! 

3.6  An  RF  evaluation  of  the  Rhodanine  B  tracer  was  also 
pursued.  The  test  vehcile  was  an  S-band,  pill  box,  ceramic  window 
as  is  used  on  the  input  and  output  of  the  SFD-261H.  The  techni¬ 
que  used  was  to  evaluate  the  effect  on  the  Q  of  a  window  resonance 
of  a  coating  of  primer  on  the  window  with  and  without  the  tracer. 

Q's  of  the  resonances  were  measured  with  the  windows  uncoated  (two 
were  used  to  improve  the  data  sample  size),  coated  with  clear  primer 
and  coated  with  colored  primer.  The  experimental  errors  caused  by 
possible,  differences  in  coating  thicknesses  and  the  available 
measuring  equipment  made  a  quantitative  evaluation  difficult. 

It  was  clear,  however,  that  the  dve  increased  the  microwave 
loss  of  the  coatings  in  the  two  window  assemblies.  The  effect 
of  that  increase  on  the  dye’s  role  in  perhaps  causing  the  failures 
was  judged  to  be  minimal.  The  absence  of  more  significant  changes 
in  Q  in  these  tests  and  uncertainty  about  RF  electric  field  inten¬ 
sities  in  the  coatings  in  an  operating  tube  tended  to  support  that 
judgement . 
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4.0 


CORRECTIVE  ACTION 


The  following  are  the  corrective  actions  taken: 

4.1  New  cleaning  procedures  were  established. 

4.2  New  primer  (newly  acquired  primer)  is  to  be  used. 

4.3  The  Rhodamine  B  tracer  was  eliminated. 

4.4  New  handling  procedures  for  the  primer  were  issued. 

4.5  A  drying  time  for  the  primer  coat  was  set. 

4.6  The  second  vacuum  de-airing  was  eliminated. 

4.7  The  procedure  for  pouring  the  rubber  into  the  mold 
was  clairifed  to  reduce  possibility  of  air  inclusions. 

4.8  A  cure  time  for  the  potting  was  established. 

The  above  actions  restored  the  basic  procedure  to  that 
which  was  producing  an  acceptably  low  incidence  of  potting  problems 
and  added  some  general  improvements. 


5.0  RECALL/REWORK  ACTIVITY 

A  summary  of  the  recall/rework  activity  which  followed 
is  given  in  Table  II.  Nine  tubes  were  recalled  from  Nt.'SC/Crane 
and  reworked.  One  of  the  nine,  H52V/10007,  had  no  adhesion  and 
a  marked  ceramic.  Two  thermocouple  tubes,  replacements  on  a  prior 
Raytheon  order,  S/N's  G292U/10019  and  I221V/10016,  had  no  adhesion, 
but  the  ceramic  was  clean.  Six  A2P  tubes  were  reworked,  of  which 
one  had  good  adhesion,  three  had  fair  adhesion  and  two  had  no 
adhesion.  All  ceramics  were  clean.  One  tube  on  the  vane  tip 
investigation  program,  I440V,  had  no  adhesion  and  a  clean  ceramic. 
Two  MT  tubes  had  good  adhesion.  Twenty  tubes  in  total  were  reworked 
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TABLE  II — Summary  of  Repotting  Effort  (exluding  the  four  failues)  (continued) 
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6.0 


CONCLUSION 


Although  a  number  of  factors  contributing  to  the  failures 
were  identified,  a  single  probable  cause  of  failure  was  not  ident¬ 
ified.  The  composite  effect  of  the  contributors  could  probably 
have  produced  the  failure  pattern  which  was  encountered.  The 
corrective  actions  appear  to  have  been  effective.  In  addition 
to  the  twenty  reworked  tubes,  more  than  65  tubes  on  all  programs 
using  the  new  corrective  actions  have  been  potted  and  operated 
from  24  to  200  hours  without  a  recurring  potting  failure. 
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